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ANALYSIS OF LIPID COMPOSITION OF ISOLATED HUMAN SEBACEOUS 
GLAND HOMOGENATES AFTER INCUBATION WITH CUTANEOUS BACTERIA. 
THIN-LAYER CHROMATOGRAPHY 
S. M. PUHVEL, PH.D., R. M. REISNER, M.D., AND M. SAKAMOTO, M.A. 
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California 
The effects of specific species of skin bacteria on human sebaceous gland lipids in vitro 
were analyzed. 
Isolated dissected sebaceous glands were pooled, homogenized, and sterilized, then 
incorporated into peptone- yeast extract medium and used as substrate for growth of 
Propionibacterium acnes, P. granulosum, and Staphylococcus epidermidis subgroup II. The 
sebaceous lipids were analyzed by thin-layer chromatography before and after bacterial 
growth. 
The most striking effect of bacteria on sebaceous gland lipid composition was the 
hydrolysis of sebaceous triglycerides. The degree of hydrolysis varied with bacterial strain but 
was most complete with P. acnes and P. granulosum. Staphylococci were not effective in 
hydrolyzing sebaceous triglycerides at pH 4.5 although, when the pH of the medium was 
raised to pH 6.4, some strains of staphylococci were as effective as the propionibacteria in 
hydrolyzing sebaceous triglycerides to free fatty acids. Thus minor changes in acidity may 
play a significant role in controlling the lipolytic activity of staphylococci on skin. 
Another effect of bacterial action on sebaceous gland lipids was the esterification of 
sebaceous cholesterol to cholesteryl esters. Thus, bacterial action must be taken into account 
in evaluating studies of alterations in cutaneous cholesterol and cholesteryl esters in skin 
surface lipids in normal and disease states. 
The changes that intrafollicular bacteria effect 
on the composition of sebaceous gland lipids have 
never been analyzed directly. It is known that the 
major difference in composition of sebaceous gland 
lipids compared to skin surface lipids lies in the 
concentration of free fatty acids (FFA). Isolated 
sebaceous glands contain small amounts of FFA 
[1] (see also Fig.). Most fatty acids (FA) are 
present in the esterified triglyceride form [2]. Skin 
surface lipids, by contrast, contain significant 
quantities of FFA, apparently in direct inverse 
relation to the unhydrolyzed triglyceride (Tg) con-
tent [3,4 ]. 
Indirect evidence has implicated lipases derived 
from intrafollicular resident microorganisms, pri-
marily those from Propionibacterium acnes (5-7], 
as the enzymes which induce the changes in lipid 
composition of sebum as it travels from the seba-
ceous gland through the sebaceous and follicular 
ducts to the surface of the skin. However, due to 
technical limitations in obtaining sebum directly 
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from sebaceous glands, it has been difficult to 
analyze the effect of specific resident skin bacteria 
on sebaceous gland lipid composition other than by 
indirect analysis, e.g. , by suppression of specific 
species of skin organisms in vivo with selective 
antimicrobial therapy [8], or by characterizing the 
lipases of P. acnes in vitro using purified triglycer-
ide substrates [9, 10 ]. 
In 1966 Kellum [11] introduced a method for 
isolating sebaceous glands by microdissection after 
chemical pretreatment of skin with calcium chlo-
ride. The feasibility of this method for obtaining 
sebaceous glands was further demonstrated by 
Summerly and Woodbury [12) in 1971. In the 
present study we have used Kellum's method for 
isolating large numbers of sebaceous glands. After 
pooling these, the homogenates have been used as 
substrate for selected species of skin bacteria in 
vitro in order to study the changes which specific 
skin bacteria effect on the lipid composition of 
sebaceous gland homogenates. 
MATERIALS AND METHODS 
Preparation of Sebaceous Gland Homo{?enates 
Four-millimeter punch biopsies of recipient sites from 
the bald frontal skin of patients undergoing hair trans-
plant operations and facial skin from patients undergoing 
face lifts were frozen in liquid nitrogen immediately upon 
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excision. Frozen tissues were maintained at - 20°C until 
used for sebaceous gland isolation. 
The method recommended by Kellum [11] was used 
for the separation of dermis from epidermis. Skin sam-
ples were first immersed in 1 M calcium chloride solution 
for 1 hr at 4°C. The epidermis and epidermal appendages 
were then gently teased from the dermis, under a 
dissecting microscope. Sebaceous glands were microdis-
sected from the epidermis and pooled in 0.85% sodium 
chloride solution. Approximately 780 individual glands 
were used per experiment. The glands were transferred 
quantitatively in chloroform (Mallinckrodt, analytical 
grade) to tared vials, evaporated to dryness under a 
stream of nitrogen, and weighed. The weighed glands 
were transferred to Potter microtissue grinders (5 ml 
capacity) and homogenized for 10 min in 4 aliquots of 0.5 
ml chloroform. The homogenates were sterilized in chlo-
roform suspension for 24 hr at 4°C, evaporated to dryness 
under nitrogen, and resuspended in P - Y -D medium (1 % 
Bacto peptone, 0.5% Bacto yeast extract, 1% dextrose in 
demineralized water) to a final concentration of 500 1-Lgm 
of homogenate per ml of P - Y- D medium. The homoge-
nate in P - Y-D medium was tested for sterility on Bacto 
brain heart infusion broth and agar, aerobically and 
anaerobically at 37°C, and was aliquoted in 2-ml 
amounts into small ether-rinsed test tubes. 
Numerous attempts were made to grow the bacteria 
directly in sebaceous gland homogenates rather than in 
P - Y -D medium suspensions of the homogenates. Various 
concentrations of homogenates, ranging from 2.5 mg/ml 
to 500 1-Lg/ml were made in 0.85% sodium chloride solution 
and inoculated with all three species of organism . Such 
inocula invariably failed to thrive. Supplementation of 
the saline medium with 1% glycerol , or with 0.1 % NH.Cl 
as a nitrogen source, did not stimulate growth. Only when 
peptone was added did bacterial growth ensue. 
These unsuccessful experiments indicated that some 
essential growth factor appears to be lacking in the pure 
sebaceous gland homogenate suspension. At this point we 
are still unable to explain these results. 
Organisms Tested 
Three strains of P. acnes (UCLA strain 142 isolated 
from a lesion of cystic acne, UCLA strains 154S and 154R, 
from normal skin), 3 strains of P. granulosum (D22, D34, 
and C54, all from Dr. Jack G. Voss, Proctor & Gam-
ble) , and 5 strains of S. epidermidis Baird-Parker sub-
group II (1 from Dr. Richard R. Marples, University of 
Pennsylvania Medical School, and 4 from the UCLA 
Division of Dermatology culture collection) were tested as 
representative resident bacteria. The anaerobic orga-
nisms for inoculation were grown in P - Y - D broth for 72 
hr anaerobically, and the S. epidermidis for 24 hr 
aerobically. The density of the bacterial suspensions was 
standardized with P- Y- D medium to an OD (420 nm) of 
0.6 in a Coleman Jr. spectrophotometer, and tubes were 
inoculated with 0.1 ml of the respective suspensions of 
orgamsms. 
For each experiment the following sets of tubes were 
set up in duplicate: P- Y -D medium without homogenate 
and P- Y -D medium with homogenate, as the 2 sterile 
controls; P - Y- D medium without homogenate with each 
of the organisms; and P - Y - D medium with homogenate 
with each of the organisms. Incubations were carried out 
anaerobically under 90% nitrogen and 10% carbon dioxide 
for 5 days for the anaerobes, and aerobically for 48 hr for 
S. epidermidis. At the end of the incubation, gram-
stained smears of all cultures were examined microscopi-
cally. The number of viable organisms in culture was 
quantitated by serial dilution and subculture using the 
drop plate method [13]. 
Each tube was extracted with methanol and chloro-
form according to the method of Bligh and Dyer [14], and 
the extract stored at - 20°C. Later each extract was 
evaporated to dryness under nitrogen and redissolved in 
0.1 ml of chloroform:methanol (2:1). 
Thin-Layer Chromatography (TLC) 
The procedures recommended by Downing [15] were 
used in preparation of the plates. Glass plates (20 x 20 
em) were layered (250 1!) with Silica Gel G (E. Merck, 
Darmstadt, Germany) , dried overnight at room tempera-
ture, and stored in an air-tight oven. Before use, plates 
were developed overnight in ether to remove contami-
nants. For purposes of densitometry, plates were divided 
into parallel 7-mm lanes. Plates were activated at l10°C 
for 30 to 35 min prior to use. 
The following standards and mixtures of standards 
were employed: squalene; cetyl palmitate; cholesteryl 
oleate; triolein; oleic acid; cholesterol ; n-octa-decane; 
mixture of tripalmitin , 1,3 dipalmitin , 1,2 dipalmitin and 
1-monopalmitin (all from Applied Science Laboratories, 
Los Angeles, Calif.); and lecithin (from Sigma Chemi-
cals, St. Louis, Mo.). Squalene and lecithin were purified 
by TLC prior to use as standards. 
Two solvent systems were used. The first , recom-
mended by Downing [15] was used to separate the 
sebaceous lipid mixture into multiple discrete compo-
nents. This system involved sequential development in 
hexane, benzene, and finally hexane:ether:acetic acid 
(70:30:1). The second solvent system , used primarily for 
demonstrating the separation of cholesterol, FF A, and 
Tg, consisted of a single solvent mixture of petroleum 
ether:acetic acid:ethyl ether (90:1:10). 
After final development the plates were air dried at 
room temperature, sprayed with 50% sulphuric acid , anc;l 
charred on cold aluminum plates lying on Corning hot 
plates, as recommended by Downing [15], by heating 
from room temperature to 200°C in a period of 30 min. 
To specifically visualize cholesterol and cholesteryl 
esters, the Liebermann- Burchard reagent was employed 
[16]. 
Lipase Assays 
In addition to analyzing the effect of bacteria on sebum 
lipid composition, the extracellular lipase activity of 
strains P. acnes 154S and P. acnes 154R was assayed in 
vitro in an effort to establish whether in vitro assays of 
concentrated extracellular lipase using a single pure 
triglyceride, tributyrin , as substrate, could be used to 
estimate the lipolytic activity of bacteria on sebaceous 
triglycerides. Organisms were grown in Difco brain heart 
infusion broth supplemented with 1% glycerol and 0.1 % 
sodium thioglycollate . Cultures were harvested by cen-
trifugation and the supernates concentrated 20-fold by 
filtration through Amicon Diaflo XM 50 filters. The 
concentrated supernatants were assayed for tributyrin 
hydrolysis by continuous potentiometric titration using 
reagents and methods as previously described [17]. 
RESULTS 
Extracts of sterile P- Y -D basal medium con-
tained trace amounts of fatty acids demonstrable 
by TLC and densitometry. However, P- Y- D me-
dium incubated with strains of both P. acnes and 
P. granulosum contained significant amounts of 
FFA. The amount of FFA varied with the strain 
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and was not just a function of the number of 
organisms in culture (see Tab. I). Strains of S. 
epidermidis used in the present study produced 
quantitatively insignificant amounts of FFA in the 
basal P-Y-D medium. 
The multiple solvent system recommended by 
Downing [15] and used in most of our analyses 
produced good separation of sebaceous gland lipids 
into the major components that have been identi-
fied [2]. Squalene, wax esters, and triglycerides 
formed the main demonstrable fractions (see Fig.). 
In addition, visible traces of cholesterol, choles-
teryl esters, and FFA were identified, and an un-
identified spot close to the 1,3 dipalmitin migra-
tion point was always present. The average 
percentage composition of the lipid classes in the 
sterile sebaceous gland homogenates used in the 
present study is shown in Table II. The squalene 
content (average 18.95%, range 15.7 to 20.5) was 
consistently higher than that reported for skin sur-
face lipids in previous studies [18 ). 
After incubation of sebaceous gland homage-
nates in P-Y -D medium with specific cutaneous 
bacteria, the most striking change in lipid compo-
sition was the increase in FFA and a corresponding 
reduction in Tg. Table III summarizes the results 
of densitometric quantitation of the Tg fractions in 
each culture extract and expresses the results as 
percentage of Tg hydrolyzed in each case. The 
percentage of Tg hydrolyzed was calculated on the 
basis of the difference in Tg in the inoculated 
sample compared to the Tg in the corresponding 
sterile control, rather than on a comparison of Tg 
and FFA fractions in each culture. The reason for 
this was that in bacterial cultures the FFA was 
derived from two sources, from the hydrolyzed Tg 
TABLE I. Quantitation of fatty acids extracted from 
cultures of P. acnes, P. granulosum and S. epidermidis in 
P- Y-D medium (without sebaceous gland homogenate 
supplement), correlated with .the number of viable 
organisms in culture 
Strain FFN No. of organisms in 1-ml culture 
P. acnes 142 92.5 1.9 X 107 
P. acnes 1548 59.0 5.0 X 107 
P. acnes 154R 45.7 9.0 X 107 
P. granulosum D22 126.0 3.8 X 107 
P. granulosum D34 26.0 9.0 X 101 
P. granulosum C54 28.3 1.8 X 101 
S. epidermidis 1 0 3.0 X 108 
S. epidermidis 2 5.8 1.0 X 108 
S. epidermidis 3 2.3 3.4 X 108 
S. epidermidis 4 6.3 3.8 X 108 
S. epidermidis 5 16.5 4.0 X 108 
a Expressed as the area (in sq mm) of the FFA peak 
from densitometric quantitation of thin-layer chromato-
grams of 4 ~1 out of a total 50 ~l of lipid extracts from 
duplicate 1-ml cultures, and corrected for the FFA area in 
the sterile control. For quantitative comparison, 1 ~g of 
palmitic acid had a FFA peak area of 91 ± 11 sq mm. 
Vol. 64, No. 6 
FIG. Thin-layer chromatogram of lipid extracts of 
sterile P-Y-D-sebaceous gland homogenate medium. 
TABLE II. Lipid composition of the sterile sebaceous gland 
homogenates used in the present study 
Lipid class Percentage of Range totallipids0 
Squalene 18.95 15.7-20.5 
Wax and steryl esters 21.80 16.3-26.3 
Triglycerides 52.90 49.4-57.0 
FF A and diglycerides 3.00 1.0-6.4 
Cholesterol 3.35 3.0-3.6 
a Calculated from 6 sebaceous gland homogenate prep-
arations. 
and directly from the bacterial cells. Thus, the 
FFA fraction was not always in proportion to the 
Tg hydrolyzed. The degree to which specific bacte-
rial species hydrolyzed sebaceous Tg varied con-
sistently. Strains of P. acnes and P. granulosum 
produced most complete hydrolysis of Tg to FFA in 
the P-Y-D medium. All strains of S. epidermidis 
tested showed negligible hydrolysis of sebaceous 
Tg in the same medium. 
It has been suggested that the possible explana-
tion for the lack of lipolytic activity by cutaneous 
staphylococci in vivo (19) is the acid pH of the 
skin. Extracellular lipases from coagulase-negative 
staphylococci have been demonstrated to be more 
sensitive to inhibition at acidic pH than extracellu-
lar lipases from P. acnes [20]. The P-Y- D medium 
used contained dextrose. The fermentation of dex-
trose by bacteria reduces the pH of the medium. 
For this reason , additional experiments were set up 
using P-Y medium _( without dextrose) supple-
mented with sebaceous gland homogenate to deter-
mine the effect that the presence of dextrose and 
the resulting lowering of pH of the medium had on 
the degree of hydrolysis of sebaceous Tg in vitro. 
Results are shown in Table IV. With 2 out of 3 
strains of S. epidermidis tested, the hydrolysis of 
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sebaceous Tg was dramatically increased in the 
absence of dextrose. With the third strain, the 
lipolytic activity remained unchanged. 
The proportion of sebaceous Tg hydrolyzed did 
not correspond to the rate of extracellular lipase 
production by specific strains of P. acnes in vitro, 
as measured by continuous potentiometric titra-
tion of tributyrin hydrolysis by concentrates of 
culture supernatants. Using tributyrin as substrate 
for in vitro tiration assays, P. acnes 1548 culture 
supernatant had a lipase activity of 75.4 lipolytic 
units per ml ( 1 lipolytic unit equals 1 ~mole of acid 
liberated in 1 min under specified conditions) and 
P. acnes 154R had a lipase activity of 2.3 lipolytic 
units per ml of culture supernatant (see Tab . V). 
On the basis of tributyrin hydrolysis in vitro P. 
acnes 154R appeared to be lipolytically inactive. 
However, when these strains were incubated with 
sebaceous gland homogenate, 79% of the Tg was 
hydrolyzed by P. acnes 1548, and 44. 3% by P. 
acnes 154R. Thus in vitro lipase assays using pure 
tributyrin may not give a true indication of bacte-
rial lipolytic activity on sebum itself. The same 
may be true for assays using other individual Tg, 
especially triglycerides of shorter carbon chain 
fatty acids. 
TABLE III . Degree of sebaceous gland triglyceride 
hydrolysis by different strains of cutaneous bacteria in 
P- Y-D medium supplemented with sebaceous gland 
homogenate 
% Triglyceride Number of 
Strain hydrolyzed a viable (±standard bacteria in 
deviation) culture 
P. acnes 142 76.7 (3.0) 7.0 X 107 
P. acnes 1548 79.0 (1.8) 1.5 X 108 
P. acnes 154R 44.3 ( 1.9) 1.2 X 108 
P. granulosum D22 79.5 (3.9) 2.6 X 106 
P. granulosum D34 91.4 (1.6) 7.4 X 106 
P. granulosum C54 78.6 (8.2) 6.0 X 104 
S. epidermidis 1 0 N.D. 
S . epidermidis 2 4.3 (3.1) 3.4 X 107 
S. epidermidis 3 0 N.D . 
S. epidermidis 4 0 N.D. 
S. epidermidis 5 0 6.0 X 107 
a Calculated from densitometric quantitation of 4 sam-
ples. Percentage of triglyceride hydrolyzed was calculated 
from the difference between Tg in the sterile control and 
Tg in cultures, divided by the Tg in the sterile control. 
In addition to the hydrolysis of sebaceous Tg to 
FFA, it appeared that the cholesteryl ester fraction 
was more distinct in lipid extracts of P - Y - D 
medium supplemented with sebaceous gland ho-
mogenate, after incubation with certain bacteria, 
than in the sterile controls. This suggested the 
possibility that sebaceous cholesterol may be ester-
ified by resident cutaneous bacteria. Separation of 
the steryl and wax ester fractions using silica-gel 
chromatography is difficult [21 ]. For this reason 
densitometric verification of this observation was 
impossible. Additional experiments were set up 
using cholesterol-4- 14C as substrate in medium 
supplemented with sebaceous gland homogenate 
and incubated with different strains of S. epider-
midis. Results (which will be presented in detail 
elsewhere) indicated that up to 32.7% of the 
radioactive cholesterol was esterified during incu-
bation with some strains of staphylococci. The 
degree of esterification varied consistently with 
each strain , and in 3 out of 9 strains tested more 
than 20% of the cholesterol was esterified. 
DISCUSSION 
Results of the present study confirm earlier 
findings which, on the basis of indirect evidence, 
have suggested that the main effect of cutaneous 
bacteria on the lipid composition of freshly formed , 
unmodified sebum is the hydrolysis of sebaceous 
Tg to FFA. 
Homogenates of isolated pooled sebaceous 
glands represen t as close an approximation of the 
complex lipids of unmodified sebum as one can 
technically approach at the present. Preliminary 
TABLE V. Comparison of tributyrin hydrolysis by 
concentrated culture supernatants in vitro, and 
hydrolysis of se baceous gland Tg by the same strains 
after 5 days incubation 
Strain 
P. acnes 1548 













a Expressed as lipolytic units per mg of prote in , deter-
mined using continuous potentiometric titration for 10 
min . One lipolytic unit = 1 ,umole of acid liberated in 1 
min under specified conditions. 
TABLE IV. Hydrolysis of sebaceous gland triglycerides by S. epidermidis in P- Y medium with and without dextrose 
% Tg hydrolyzeda Final pH % Tg hydrolyzed Final pH Strain with dextrose of medium without dextrose of medium (±standard deviation) ( ± standard deviation ) 
S. epidermidis 1 0 4.75 81.5 (3.9) 7.40 
S. epidermidis 4 0 5.05 68.1 (8.7) 6.42 
S. epidermidis 2 4.3(3.1) 4.50 7.0 (6.2) 6.45 
a Calculated on the difference in Tg in the sterile control and Tg in culture extract, divided by Tg in the sterile 
control. 
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studies in our laboratory indicated that glands 
harvested by laborious microdissection from fresh 
untreated skin specimens contained identical 
classes of lipid mixtures when analyzed by TLC to 
those demonstrated in calcium chloride-treated 
glands. Thus, the use of calcium chloride to 
facilitate the isolation of sebaceous glands does not 
appear to change the lipid composition insofar as 
TLC analysis can demonstrate. 
In vitro studies on the lipase activity of the 
intrafollicular resident species of bacteria have 
established that these organisms possess extracel-
lular lipases. Smith and Willett [22] found in their 
studies that S. epidermidis was more lipolytic than 
P. acnes •in an in vitro environment. Kellum and 
Strangfeld [23] found significant variation among 
the lipolytic activities of different strains of P. 
acnes when they were tested with pure triglyceride 
substrates and suggested that there was a correla-
tion between acne vulgaris and isolation of P. acnes 
strains of high lipolytic activity. This correlation 
·..vas not confirmed by Whiteside and Voss [24] who 
found that P. granulosum species were generally 
more lipolytic than P. acnes. 
Sebaceous gland homogenates have been used as 
substrate for lipolysis in our studies which indicate 
that most strains of P. acnes and P. granulosum 
effectively hydrolyze sebaceous Tg to FFA. Staph-
ylococci are porbably equally effective in an in 
vitro environment where the pH can be maintained 
close to neutrality. However , at an acid pH, the 
lipolytic activity of cutaneous staphylococci on 
sebaceous Tg is dramatically inhibited. The sensi-
tivity of staphylococcal lipase to inhibition at an 
acid pH was demonstrated by Freinkel and Shen 
[20] in in vitro assays using olive oil. Our experi-
ments confirm this observation using sebaceous 
lipids and suggest that the acidity of the skin may 
be the factor which is responsible for the low 
staphylococcal lipolytic activity on sebaceous Tg 
lll VIVO. 
Our finding that both species of cutaneous 
propionibacteria produce relatively large quan-
tities of FA as metabolic products even in media 
without exogenous lipid substrate may be signifi-
cant. The fatty acids of both P. acnes and P. 
granulosum have been previously identified [25, 
26]. The main fatty acid present in both species is 
a branched chained iso 15 carbon FA. Preliminary 
gas chromatographic analysis of the fatty acid 
samples from lipid extracts of the cultures of P. 
acnes and P. granulosum in the present study 
identified iso-C 15 fatty acid as the predominant 
acid present in these cultures. However, it is the 
difference in quantities of fatty acids produced by 
different strains of P. acnes and P. granulosum 
which is interesting, and which may warrant 
further investigation in relating these organisms to 
the pathogenesis of acne vulgaris. 
Our finding that cutaneous staphylococci can 
esterify cholesterol confirms the observations of 
Freinkel and Aso [27] who made the same observa-
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tion without speciating the "cutaneous microorga-
nism" they had used in their studies. Bacteria 
generally do not utilize nor synthesize cholesterol. 
However, when cholesterol is present in medium, it 
can be absorbed by bacteria and, in a few species, a 
fraction of the absorbed cholesterol is esterified 
[28]. The demonstration that the esterification of 
sebaceous cholesterol can be carried out by cutane-
ous bacteria suggests a possible relationship be-
tween bacterial density and sterol ester levels in 
skin surface lipids. In fact, the finding that come-
done lipids contain significantly larger concentra-
tions of cholesteryl esters than skin surface lipids 
[29] may well be explained by the high concentra-
tion of bacteria in comedones. 
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